particles along the axis of the core. McCandless, showed that only non-tubular cores occur in the parent bacterial form of S. faecalis G-K and in bacterial forms of other group D streptococci; they did not detect cores in streptococcal strains of serological groups A, B and C and of the viridans group, nor in single strains of Staphylococcus aureus, Escherichia coli and Bacillus megaterium. These limited observations of bacterial forms of streptococci led McCandless et al. (1968) to suggest that cores were possibly specific for group D streptococci.
The analysis by McCandless et al. (1968) of a few sets of serial sections of cells of Streptococcus faecalis G-K, fixed after 24 h. of culture at 37" in brain heart infusion broth (BHI), indicated that the majority of cells contained one core; most of the other cells lacked cores, and only rarely did a cell contain two cores. Cores ranged from 0.10 to 0.16 pm. in cylindrical diameter and were of such length and orientation as nearly to span the cell. On the basis of electron microscopical morphology and dimensions, McCandless et al. (I 968) indicated the ways in which cores are clearly distinguishable from other reported linear bacterial organelles, such as rhapidosornes or microtubules, found in some genera of bacteria, and from the helical arrays of ribosome-like particles in some strains of Mycoplasma gallisepticum. Similarly, even the tubular cores in the stable and unstable L-forms of S. faecalis G-K grown in broth cultures are distinct in size and morphology from 'microtubular ' structures described by Corfield & Smith (1968) in penicillin-agar cultures of stable and unstable Lforms of certain group D streptococci : tubular cores do not exceed in number about ten per cell, contain ribosome-like particles, and either span the cell or are so long, up to about 10 pm., that the core extremities are surrounded by only thin sleeve-like cytoplasmic
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protrusions from the main cell body ; in contrast, in the micrographs of Corfield & Smith (1968), intracellular 'microtubular ' structures are hollow tubular invaginations of the cytoplasmic membrane of not more than about 0 -2 pm. in length and can be very numerous in some cells. McCandless et al. (1968) compared the appearances of cores after two different kinds of fixation for electron microscopy -one the osmium tetroxide procedure of Ryter & Kellenberger (1999, the other a sequence of treatments with glutaraldehyde and osmium tetroxide fixatives. The latter method was more useful for detection and morphology of cores in sections because of higher electron microscopical image contrast. Cores have also been visualized by electron microscopy after freeze-etching of unfixed bacteria (Coleman & Bleiweis, 197 I) and by phase-contrast microscopy in presumably living L-forms of Streptococcus faecalis G-K (Cohen et al. I 968) . Although McCandless et al. (1968) reported cores to occur in the ATCC 9790 strain of S. faecalis grown in BHI, Higgins & Shockman (1970) found cores to be absent when this strain was grown in synthetic medium. Cores disappear in S. faecalis G-K within a few seconds after subinoculation from the stationary phase of growth in BHI and reappear in the post-logarithmic phase of growth (M. Cohen et al. unpublished data) . Thus, because they have been visualized by a variety of microscopical techniques, because their presence or absence depends upon the culture medium used, because they disappear and reappear at different stages in the bacterial growth curve in BHI and because their presence in streptococci may be restricted to group D organisms, cores are evidently real structures and not artefacts of preparation.
The present communication reports observations on a number of additional group D strains and strains of streptococcal serological groups not previously examined for the presence of cores.
METHODS
Organisms. Sources of the streptococcal strains are listed in Table I . Several of these strains, each identified with a cell wall compositional pattern number according to the system of Colman &Williams (1965), were obtained from Dr G. Colman. None of the other strains carried such pattern designations. That all strains considered to be group D streptococci belonged to this group was confirmed by group precipitin tests with Difco Bacto-Streptococcus Antiserum and with antigen extracts obtained by the autoclave method (Rantz & Randall, 1955) or by a slight modification (Collins, 1967) of the formamide extraction technique (Fuller, 1938) .
Culture conditions. All strains were grown in Difco Brain Heart Infusion broth (BHI) at 37" and some also at 30", particularly the group N strains which grew better in 24 h. at this temperature.
Specimen preparation. Bacteria from cultures in the stationary phase (18 to 48 h.) were prepared for electron microscopy by treatment at room temperature (about 22') except where otherwise indicated. To 5 ml. culture was added, with mixing, 0.5 ml. 13'3 % (wlv) solution of biological grade glutaraldehyde either in distilled water (solution pH 3'1 to 3-5) or in 0.085 M-phosphate buffer (solution pH 7-3 to 7.6). The mixture was centrifuged at 0120g,,,~ for 50 min., the supernatant fraction removed by decanting and the sediment resuspended in the residual fluid. To this suspension were added, with mixing, 5 ml. I yo (w/v) OsO, in 75 yo (v/v) Michaelis (1931) veronal-acetate buffer with NaCl (pH 7-1 to 7-4). The suspension was placed in the dark for 30 min., then centrifuged for 30 min. The sediment was then resuspended in the residual fluid, after again decanting the supernatant fraction, and then embedded in molten 2 % agar cooled to about 50". Small agar blocks containing bacteria
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were dehydrated in ice-cold absolute ethanol for I o min., stained in ice-cold U02(CH3C00),
.2H20 in absolute ethanol, I yo (w/v), for 30 min., then dehydrated further in ice-cold absolute ethanol for 10 min. and during the succeeding 50 min. by three changes at room temperature of absolute ethanol which had been dried over molecular sieves. The agar blocks were then passed through propylene oxide for Epon embedment following the method of Luft (1961). Ultrathin sections on Formvar substrates, stained with alkaline lead citrate (Venable & Coggeshall, 1965) , were coated with carbon by vacuum evaporation. For every experiment, in order to make certain that the procedure used that day was capable of preserving core structure, an 18, 24 or 48 h. culture of Streptococcus f a e c a h G-K was included as a control as cores were always evident in this strain. Electron microscopy. Since the experimental purpose of this study was to determine those strains of streptococci with which cores are associated rather than to measure the frequency with which cores occur in populations of cells, sections were rapidly scanned by transmission electron microscopy, generally without photomicrography. This scanning approach was not only possible because of the ease with which cores can be detected and recognized as such in longitudinal and slightly oblique sectional views ), but was also practical because for 15 of 16 strains in which cores were observed the cores were quickly located under at least one incubation condition, presumably reflecting appreciable frequencies of occurrence of cores in the bacteria. (Cores viewed in a position nearer to cross section cannot yet be identified as cores with certainty except by analysis of micrographs of serial sections.) The samples of streptococcal strains in which cores were recorded as absent or rare were searched much more exhaustively (several hundreds of cells per incubation condition) than those samples of 15 strains in which cores were quickly found. When cores were observed in a strain, no further experiments were performed with that strain to determine whether cores would be present under other incubation conditions, except in the case of the control strain Streptococcus faecalis G-K.
R E S U L T S A N D DISCUSSION
The results of the present study and those reported for streptococci by McCandless et al. (1968) are summarized in Table I .
Cores were readily found in 15 of the 17 group D strains examined, were very rare in one group D strain (Streptococcus faecalis ~~~~1 2 7 5 5 ) and were not found in the remaining group D strain (S. bovis ~~~~1 5 3 5 2 ) nor in all the examined strains of other serological groups or of the viridans group. In S. faecalis ATCC 12755 only one core was detected among 500 cells examined after 24 h. of incubation at 37" and none after 18, 42 or 48 h. of 37" incubation; this strain is motile (American Type Culture Collection, 1968), but motility seems unrelated to the rare occurrence or absence of cores because cores were frequent in S. faecium subsp. mobilis ~~~~1 4 4 3 2 , a group D strain which is also motile (Langston, Gutierrez & Bouma, 1960) . Streptococcus bovis ATCC 15352, the group D strain in which cores were not observed, is an ultraviolet-induced mutant strain of S. bovis ATCC I 535 I (Niederman, Reichelt & Wolin, 1964) , but cores were present in the latter parent strain. Obviously, if cores are not detected in a limited examination, it is not possible to say that they are always absent.
The R. G . MCCANDLESS AND OTHERS alternative correlation between the presence of cores and cell-wall composition. Colman & Williams (I 965) had distinguished 26 different patterns of cell-wall composition among 197 strains of streptococci by means of paper chromatographic analyses of cell-wall hydrolysates. They reported that only patterns designated 9, 10 or I I occurred in the cell walls of the group D streptococci examined, whereas none of the strains in groups A, B and C had these cell-wall compositional patterns. Pattern 10 was found by them only in some of the group D strains. On the other hand, they observed patterns 9 and I I not only in the remaining group D strains, as well as in some viridans strains, but also in strains of serological groups of streptococci not examined by McCandless et al. (1968) for the presence of cores. Thus, an important part of the present study was to determine whether cores occur in any streptococcal strains which are not group D organisms but which have cell walls with compositional patterns 9 or 11. Table I shows that cores were not detected in any of 13 such strains examined.
Among the serological groups of streptococci, groups D and N are unusual in that their group specific antigens are apparently intracellular rather than in the cell wall (Elliott, 1959 (Elliott, , 1963 Jones & Shattock, 1960; Smith & Shattock, 1962 . However, Table I indicates that the presence of cores does not necessarily correlate with that of intracellular group specific antigen. Although cores were detected in 16 out of 17 group D strains, no cores were found in any of the four group N strains examined.
The strong correlation established now between the presence of cores and that of group D specific antigen in streptococci, in the stationary phase of growth in BHI, invites further investigational interest. The group D antigens are intracellular teichoic acids (Elliott, I 962 ; Wicken Wicken, Elliott & Baddiley, 1963) and are generally considered to be absent from the cell wall (Elliott, 1959; Jones & Shattock, 1960) and to be located in or on the cytoplasmic membrane (Hay, Wicken & Baddiley, 1963; Shattock & Smith, 1963; Slade & Shockman, 1963; Shockman & Slade, 1964; Smith & Shattock, 1964) . The intracellular teichoic acids of other Gram-positive bacteria are similarly located (Baddiley, I 968), and, for this reason, such teichoic acids are now called 'membrane ' teichoic acids (Archibald & Baddiley, 1966) . None of the published studies in which localizations of group D specific antigens have been attempted rules out the hypothesis of McCandless et al. (I 968) ' that core matrix, or some part thereof, is group D antigen'.
In some of these published studies on localization of group D specific antigens, cores may be presumed to have been absent. Cores are absent in the logarithmic phase of growth in Streptococcus faecalis G--K (M. Cohen, unpublished) , and so cores may also have been absent in the logarithmic phase group D streptococci sampled by Smith & Shattock (1964) for localization of group D specific antigens. McCandless et al. (1968) Hay et a/, (1963) and that the cores survived not only the lysis of cell walls and release of protoplasts, but also the subse-Specificity of cares for group D streptococci 363 quent lysis of protoplasts by osmotic shock and centrifugal fractionation, then cores would probably have lodged in the protoplast membrane fraction, which contained a small part of the glycerol teichoic acid. Since the two extremities of a core in situ are very close to the cytoplasmic membrane and since the cytoplasmic membrane in Gram-positive bacteria is the site of some of the enzymes which participate in the synthesis of membrane teichoic acid (Archibald & Baddiley, 1966) it is conceivable that the core could, at the time of formation, incorporate some of this teichoic acid. Even in demonstrating the presence of protein and the absence of polysaccharide I ,a-glycerol groups in cores, Coleman & Bleiweis (I 97 1) indicated that 'partial composition by glycerol teichoic acids is not disproved. . .'. Whether or not cores in group D streptococci contain, in part, group D specific antigen awaits the isolation and chemical analysis of intact cores or a cytochemical staining of ultrathin sections of group D streptococci for the electron microscopical localization of group D specific antigen. The possibility should not be overlooked that such a peculiar organelle as the core may contain one or more core-specific, non-teichoic acid substances, which, in turn, could be specific for approximately the same streptococci presently classed serologically as group D.
In a recent study, Hubert et al. (1971) have shown that tubular and non-tubular cores, like those which occur in L-forms of Streptococcus faecalis G-K )~ a Gram-positive bacterium, also occur in a stable L-form derived from a coreless bacterial form of Pseudomonas aeruginosa B 10490, a Gram-negative bacterium, and that the two species of L-forms are clearly distinguishable by means of fermentation reactions and sensitivities to antibiotics. If cores are not more widespread among bacteria and their L-forms than our limited survey and our inspection of electron microscopic literature have led us to believe, it is incredible that we should have encountered cores while investigating a stable L-form of a bacterium so different from group D streptococci as P. aeruginosa. Whether or not future study indicates that cores occur in any other Gram-positive and Gram-negative bacteria, and their L-forms, the presence of cores in L-forms of both S. faecalis G-K and P. aeruginosa B 10490 suggests either that the core is a very old organelle in terms of bacterial evolution, going back to some common ancestor of the Gram-positive and Gram-negative bacteria, or that the evolutionary development of cores occurred independently in these two categories of bacteria.
In view of the apparent absence of teichoic acids in Gram-negative bacteria (Heptinstall, Archibald & Baddiley, 1970) and the occurrence of cores in an L-form of a Gram-negative bacterium, the hypothesis of McCandless et al. (I 968 ) that some of the group D specific antigen in group D streptococci is present in cores may seem unreasonable. However, some of the chemical similarities between teichoic acids and lipopolysaccharides (Heptinstall et al. I 970) suggest that cell-wall lipopolysaccharides in Gram-negative bacteria may be antigenic and functional counterparts of teichoic acids in the Gram-positive bacteria. Furthermore, if in Pseudomonas aeruginosa B 10490 some of the chemical precursors for core formation were utilized exclusively for cell-wall synthesis, possibly cell-wall lipopolysaccharide synthesis, then this could account for a lack of cores in the bacterial form of this strain. Because the biology, biochemistry and range of distribution of cores in Gram-negative and Grampositive bacteria are unknown, it would be premature, therefore, to abandon the hypothesis that some group D specific antigen exists in cores of group D streptococci.
Because it is evident that the presence of cores in an unidentified stable L-form cannot, alone, indicate the kind of parent bacterial form from which it was derived, the presence of cores can now be considered only characteristic of group D among the streptococci.
